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Abstract: Chronic kidney disease (CKD) is a progressive condition that may negatively affect
musculoskeletal health. These comorbidities may include malnutrition, osteoporosis, and decreased
lean body mass. Secondary sarcopenia due to CKD may be associated with mobility limitations
and elevated fall risk. Physical therapists are well-positioned among the health care team to screen
for secondary sarcopenia in those with CKD and for the treatment of musculoskeletal comorbid
conditions that may affect functional performance. Given the consequences of both low muscle
mass and low bone mineral density, appropriate and timely physical therapy is important for fall
risk assessment and intervention to minimize the susceptibility to bone fracture. While strength
training has been studied less frequently than aerobic training for the management of secondary CKD
conditions, evidence suggests that this patient population benefits from participation in strength
training programs. However, the provision of a formal exercise prescription by a health care
professional, along with formal implementation of an exercise program, may need to be more
fully integrated into the standard plan of care for individuals with CKD.
Keywords: chronic kidney disease; sarcopenia; physical therapy; geriatrics; muscle

1. Introduction
Chronic kidney disease (CKD) is a major health issue that affects millions of adults. A recent
account by the Centers for Disease Control and Prevention reveals that 10% of adults living in
the U.S. have CKD, which is approximately 20 million people [1,2]. Well-known health conditions
secondary to CKD are high blood pressure, malnutrition, bone disorders, and heart and vessel disease.
However, lesser known conditions associated with CKD may still have a significant impact on physical
functioning and health-related quality of life [3]. Protein-energy wasting syndrome (i.e., “muscle
wasting”) may be an under-appreciated condition that has major implications for people with CKD,
and merits the attention of physical therapists that provide care for this patient population. The purpose
of this report is to summarize the impact of CKD on musculoskeletal health and highlight the role
of physical therapy in addressing secondary impairments due to this condition. Understanding the
comorbidities associated with kidney disease may aid the rehabilitation approach for individuals
with CKD.
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2. Chronic Kidney Disease and Bone Mineral Density
The main function of the kidney is to regulate water fluid levels within the body, maintain blood
pH homeostasis, and remove metabolic byproducts from the blood. In addition, the kidneys play
a vital role in hormone production and the reabsorption of glucose and amino acids. CKD causes
the kidneys to progressively lose their function over time. The criterion for this disorder is based
on a glomerular filtration rate (GFR) of less than 60 mL/min/1.73 m2 for more than three months,
independent of the cause [2].There are five stages in which CKD is marked by increased severity,
with the culminating stage being end-stage renal disease (ESRD). The definition for each stage is
depicted in Table 1.
Table 1. Stages and classes of chronic kidney disease.
Stage

GFR Level (mL/min/1.73 m2 )

Description

1
2
3A
3B
4
5

90 or above
60–89
45–59
30–44
15–29
<15

Kidney damage that includes normal or high GFR
Kidney damage that includes slightly decreased GFR
Moderate CKD with mild-moderate decrease in GFR
Moderate CKD with moderate-severe decrease in GFR
Severe CKD with severe decrease in GFR
End stage renal disease/kidney failure where dialysis in required

GFR, glomerular filtration rate; CKD, chronic kidney disease.

CKD is frequently associated with malnutrition and adverse changes to body composition and
musculoskeletal health [4]. For example, diminished bone strength is among the common sequelae that
may contribute to disablement. Medical imaging using dual-energy X-ray absorptiometry (DXA) or
peripheral computerized tomography (CT) can provide estimates of bone mineral density (BMD) levels
and the likelihood of fracture in those with CKD [5]. The risk of “low-energy” fracture is increased
two-fold in people with kidney damage [5]. The increased fracture risk for people with CKD is reflected
in the disordered bone mineralization, turnover, and linear growth secondary to abnormalities in
vitamin D metabolism and serum calcium, phosphate, and parathyroid hormone (PTH) levels [6].
Elevated levels of PTH promote increased osteoclastic bone resorption and diminished levels of
vitamin D result in poor bone mineralization, which are worsened by metabolic acidosis. Importantly,
vitamin D receptor abnormalities are linked with impaired calcium metabolism [7]. The disordered
binding of the hormonally active metabolite of vitamin D to its nuclear receptor affects the messenger
RNA gene transcription, resulting in lower muscle protein synthesis. In addition, the interaction
between vitamin D and serum calcium may also adversely impact muscle function in people with
CKD [8]. Vitamin D deficiency lies at the intersection of osteoporosis and muscle wasting.
3. Chronic Kidney Disease and Lean Body Mass
The health complications that accompany CKD result in decreased muscle performance and
physical functioning [9]. The loss of lean muscle mass (LBM) secondary to kidney disease is often
termed “muscle wasting” since its etiology is largely independent of age with a clinical presentation
that appears to be an accelerated form of sarcopenia [10]. Conditions such as CKD, malnutrition,
and other chronic diseases are considered causes of secondary sarcopenia [11]. It is important to
note that secondary sarcopenia associated with CKD may affect even those in the early stages of the
disease [12]. Avin et al. [4] have stated that secondary sarcopenia due to CKD is essentially the result
of an altered balance between catabolic and anabolic processes to control muscle homeostasis [4].
Controlling muscular homeostasis is a complex process dependent on hormonal and immunologic
factors, as well as progenitor cell function. However, homeostatic balance may be adversely affected by
excess inflammation, metabolic acidosis, malnutrition, and physical inactivity. Additionally, muscular
degradation results from elevated angiotensin II levels, resistance to insulin-like growth factor 1,
and increased myostatin levels, which are all potential consequences of CKD. Conversely, the rate of
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muscular regeneration is limited due to abnormal myogenic regulatory factors, increased myostatin,
mitochondrial dysfunction, and of course, decreased physical activity [4]. It has also been found
that type II muscle fiber atrophy is most prevalent in those with CKD who are undergoing dialysis
treatment. Collectively, these pathological changes could partially explain the frequent reports of
decreased muscle capacity and excessive fatigability in this patient population [13].
Many methods of diagnosing and assessing sarcopenia have been proposed, and these approaches
should be considered for the case management of people with CKD and muscle dysfunction.
Typically, confirmatory body composition testing results from a positive screening finding (traditionally
a habitual gait speed test, with cut off values ranging from 0.8 to 1.0 m/s) during the course of the
physical examination and patient history process [14]. Magnetic resonance imaging (MRI) and CT
scans have been found to be valid tools to estimate LBM and aspects of muscle quality, but these
imaging tools are very costly to use in a clinical setting for serial measurement [15]. Another method of
assessing LBM, bioelectrical impedance analysis (BIA), has been proposed as a practical alternative to
imaging modalities in multiple clinical settings [16]. DXA remains the method most often used to assess
LBM [17] and is often expressed as appendicular lean mass (aLM/ht2 ). However, the disadvantage of
utilizing DXA is its higher cost and low-level radiation exposure in comparison to BIA.
While DXA is the preferred method for hospital settings and is more reliable than BIA, it must
be noted that BIA is a lower-cost option and is more readily available in outpatient and community
health settings. However, important limitations exist regarding body composition estimates using
BIA for those with altered states of hydration. Estimates of LBM include extracellular water and BIA
may overestimate hydration levels and LBM prior to hemodialysis in patients with end-stage renal
disease [18]. While both multi-frequency and single-frequency BIA may be used to estimate LBM in
people with renal dysfunction, multi-frequency BIA with segmental analysis may be preferred when
making distinctions among total body water, extracellular water, and body cell mass [19,20]. Estimates
of LBM or body water from a single session should be used with caution in people with altered states
of hydration, especially in those transitioning from dehydration to euvolemia [20]. Serial BIA measures
before and after hemodialysis may help to guide an interdisciplinary plan of care for people with
end-stage renal disease. Careful attention to hydration status and food intake, activity levels, time
of day, and other confounding factors are also important to note prior to serial BIA measurement
sessions. Importantly, appropriately trained physical therapists and other health care professionals
can conduct a body composition assessment with BIA, or alternate methods such as quantitative
diagnostic ultrasound [21,22] during the course of the initial clinical referral and visit. Increasingly, it is
recognized that muscle mass measures alone do not fully encompass the important clinical markers of
muscle health [22,23]. Standardized measures of both muscle strength and functional performance are
now integral elements of the sarcopenia assessment [24], which lend value to the skills provided by
physical therapists and their role on the health care team.
4. The Clinical Management of Secondary Sarcopenia Associated with Chronic Kidney Disease
The classification and staging of sarcopenia [24] includes not only the loss of muscle mass,
but also the impact of poor body composition on muscle strength and mobility status (Figure 1).
Therefore, the physical therapy assessment must include these domains during the examination
and evaluation process. Consensus-based criteria for “sarcopenia” includes low muscle mass with
either low muscle strength or limited function, whereas the criteria for “severe sarcopenia” include
diminished muscle mass, strength, and function [14,24]. Consequently, hand grip dynamometry
along with standardized physical performance-based testing can be used as assessment measures for
sarcopenia staging. These assessment tools are appropriate for documenting and monitoring changes
in physical performance as a result of sarcopenia, regardless of the cause [17]. However, physical
therapists may want to expand the quantitative strength assessment beyond simple grip dynamometry
for individuals with mobility limitations that involve the lower extremities [25]. Moreover, comorbid
factors such as diminished BMD and muscle strength require the assessment of fall risk in those with
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CKD. Tools ranging from the performance-based Timed Up-and-Go test to questionnaires that assess
fall avoidance behavior such as the Falls Efficacy Scale help to comprise a comprehensive assessment
approach
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Figure 1. Sarcopenia Screening and Staging Outcomes. Sarcopenia screening and staging criteria
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Anaerobic exercise has been shown to slow down the rate of muscle mass and strength decline with
advancing age [30]. Even aerobic exercise may improve the cross-sectional area (CSA) of muscular
fibers in some untrained individuals, despite the use of this exercise mode to improve endurance
capacity and cardiopulmonary fitness rather than muscle hypertrophy [30]. There have been many
studies published on the effects of varying anaerobic exercise regimens on older adults and how it has
improved their strength levels and muscle mass [31,32]. For example, investigators have demonstrated
improvements in muscular CSA of 11%, along with improvements exceeding 100% for muscular
strength, following a simple high-intensity 12-week training regimen in older men [33]. In addition,
many investigators have come to the conclusion that managing sarcopenia with combinations of
progressive strength training, appropriate supplementation of vitamin D, and monitored protein
intake may lead to improvements in fall and fracture risk in those with CKD-related sarcopenia [34,35].
Other study findings suggest that progressive strength training alone has been effective in improving
muscle mass in patients with late stage CKD (stage 3b to 4). The progressive strengthening regimen
conducted by Watson et al. [36] included sessions that occurred three times per week over the
course of eight weeks. Not only was body weight improved, but muscle volume and exercise
capacity demonstrated increases as well [36]. The primary strengthening exercise was limited to
knee extension, but it did demonstrate local anabolic effects at the target muscle group, which also
lead to improvements in functional performance. Notably, the authors of this study mentioned the
potential advantages of a home or community-based approach to training in comparison to clinic-based
intervention programs.
Physical inactivity and a lack of regular exercise remain as key modifiable risk factors for
general morbidity. Moreover, the need for health care practitioners to provide a formal exercise
prescription to people with chronic disease has been recognized by multiple stakeholders [37,38].
Strength training confers benefits to multiple patient populations, but it also may specifically address
contributing factors to sarcopenia such as sedentary behavior, decreased muscle mass, reduced neural
stimulation, and lipotoxicity [39]. While exercise has been shown to be safe and effective for people
with CKD, optimal programming, implementation strategies, and long-term effectiveness associated
with strengthening regimens have been studied less in comparison to aerobic training regimens
for this patient population [35]. The progression of exercise intensity from moderate to vigorous
(3.5–7.0 to 7.0 kcal/min) is acceptable for the exercise programming for many people with chronic
disease, and may be considered for those with kidney dysfunction [5,40]. The implementation
of formalized strengthening programs for people with CKD requires appropriate attention to
cardiovascular risk factors and awareness of exercise-related hypertension [41]. Modifications to
the exercise prescription based on blood pressure control and nutritional status may need to be made
for individuals with CKD. Moreover, the exercise prescription must be tailored specifically to the
needs and ability of the individual within the context of any existing comorbidities and the prior
level of activity. Supplementary approaches to combat sarcopenia include dietary modifications and
improving quality protein intake. However, nutritional consultation among the health care team may
be needed to regulate protein intake in order to avoid dietary complications such as proteinuria in
people with CKD.
5. Discussion
The sequalae associated with CKD such as secondary sarcopenia due to protein-energy wasting
syndrome and compromised bone strength requires a focused rehabilitation assessment and plan of
care that includes:





Sarcopenia screening with confirmatory assessments of objective muscle strength, functional
status, and body composition, when appropriate
The detection of elevated fall risk along with an assessment of fall avoidance behavior
A formal exercise prescription designed to increase muscle strength, promote bone health,
and improve balance.
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Case management of those with CKD will involve an interdisciplinary care team that includes
renal care along with physical medicine, radiology, and nutritional services. Physical therapists can
play a key role in the timely detection of physical impairments or mobility limitations in people with
kidney disorders. In addition, the patient history and other forms of self-report may reveal decreased
community participation or the increased need of caregiver assistance due to secondary sarcopenia.
The published evidence supports the use of progressive resistive exercise to improve the physical
functioning of those with CKD. Given the chronicity of this disorder, physical therapists may work
with the care team to monitor changes in muscle performance and fall risk, and also ensure that the
exercise prescription remains congruent with the changing abilities and disease status of the patient.
Potential areas of future rehabilitation research include examining the relative contributions of muscle
mass and muscle strength to disablement in people with CKD, and further examination into the utility
of muscle quality assessments to aid the risk stratification for poor health outcomes in those with
impaired renal function.
6. Conclusions
CKD is a progressive condition that adversely affects musculoskeletal health. Secondary
sarcopenia due to CKD is associated with malnutrition, osteoporosis, mobility limitations, and elevated
fall risk. Physical therapy constitutes an important element of the plan of care for individuals with
CKD. Screening and treating secondary sarcopenia in this patient population may have value given
the elevated risk of low-energy fractures and other disabling conditions. Strength training remains
an important part of the comprehensive management of CKD. However, greater involvement from the
health care team is needed to provide a formal exercise prescription and monitor program effectiveness.
Acknowledgments: This publication was supported by the VA Center for Innovation (AM-251 12-11-2015),
the Georgetown-Howard Universities Center for Clinical and Translational Science Consortium (NIH/NCATS;
UL1TR000101), and the Veterans Affairs Office of Research and Development, Rehabilitation Research &
Development Service (RR&D) in conjunction with the Historically Black Colleges and Universities Research
Scientist Training Program (VA-HBCU RSTP; 1IK2RX001854-01).
Author Contributions: Haniel J. Hernandez, Gideon Obamwonyi and Michael O. Harris-Love have made
substantial intellectual contributions to the conception and design of the study. Haniel J. Hernandez,
Gideon Obamwonyi and Michael O. Harris-Love have approved the final version submitted.
Conflicts of Interest: The authors declare no conflict of interest.

References
1.

2.

3.

4.
5.

6.
7.

Patel, N.; Golzy, M.; Nainani, N.; Nader, N.D.; Carter, R.L.; Lohr, J.W.; Arora, P. Prevalence of various
comorbidities among veterans with chronic kidney disease and its comparison with other datasets. Ren. Fail.
2016, 38, 204–208. [CrossRef] [PubMed]
Centers for Disease Control and Prevention (CDC). National Chronic Kidney Disease Fact Sheet: General
Information and National Estimates on Chronic Kidney Disease in the United States, 2014; US Department of
Health and Human Services, Centers for Disease Control and Prevention: Atlanta, GA, USA, 2014.
Koufaki, P.; Kouidi, E. Current best evidence recommendations on measurement and interpretation of
physical function in patients with chronic kidney disease. Sports Med. 2010, 40, 1055–1074. [CrossRef]
[PubMed]
Avin, K.G.; Moorthi, R.N. Bone is not alone: The effects of skeletal muscle dysfunction in chronic kidney
disease. Curr. Osteoporos. Rep. 2015, 13, 173–179. [CrossRef] [PubMed]
West, S.L.; Lok, C.E.; Langsetmo, L.; Cheung, A.M.; Szabo, E.; Pearce, D.; Fusaro, M.; Wald, R.; Weinstein, J.;
Jamal, S.A. Bone mineral density predicts fractures in chronic kidney disease. J. Bone Miner. Res. 2015, 30,
913–919. [CrossRef] [PubMed]
Liu, W.-C.; Yen, J.-F.; Lang, C.-L.; Yan, M.-T.; Lu, K.-C. Bisphophonates in CKD patients with low bone
mineral density. Sci. World J. 2013, 2013, 837573. [CrossRef] [PubMed]
Hamilton, B. Vitamin D and human skeletal muscle. Scand. J. Med. Sci. Sports 2010, 20, 182–190. [CrossRef]
[PubMed]

J. Funct. Morphol. Kinesiol. 2018, 3, 5

8.
9.

10.

11.
12.

13.

14.

15.
16.

17.

18.

19.

20.
21.

22.

23.

24.

25.
26.

7 of 8

Pfeifer, M.; Begerow, B.; Minne, H.W. Vitamin D and muscle function. Osteoporos. Int. 2002, 13, 187–194.
[CrossRef] [PubMed]
Siddiqui, M.; Darain, H.; Sah, S. Effect of progressive resistive exercise training in improving mobility and
functional ability of middle adulthood patients with chronic kidney disease. Saudi J. Kidney Dis. Transplant.
2015, 26, 912. [CrossRef] [PubMed]
Buford, T.W.; Anton, S.D.; Judge, A.R.; Marzetti, E.; Wohlgemuth, S.E.; Carter, C.S.; Leeuwenburgh, C.;
Pahor, M.; Manini, T.M. Models of accelerated sarcopenia: Critical pieces for solving the puzzle of age-related
muscle atrophy. Ageing Res. Rev. 2010, 9, 369–383. [CrossRef] [PubMed]
Harris-Love, M.O.; Adams, B.; Hernandez, H.J.; DiPietro, L.; Blackman, M.R. Disparities in the consequences
of sarcopenia: Implications for African American Veterans. Front. Physiol. 2014, 5, 250. [CrossRef] [PubMed]
Moon, S.J.; Kim, T.H.; Yoon, S.Y.; Chung, J.H.; Hwang, H.-J. Relationship between stage of chronic kidney
disease and sarcopenia in Korean aged 40 years and older using the Korea National Health and Nutrition
Examination Surveys (KNHANES IV-2, 3, and V-1, 2), 2008–2011. PLoS ONE 2015, 10, e0130740. [CrossRef]
[PubMed]
Sawant, A.; Garland, S.J.; House, A.A.; Overend, T.J. Morphological, electrophysiological, and metabolic
characteristics of skeletal muscle in people with end-stage renal disease: A critical review. Physiother. Can.
2011, 63, 355–376. [CrossRef] [PubMed]
Lee, W.-J.; Liu, L.-K.; Peng, L.-N.; Lin, M.-H.; Chen, L.-K. ILAS Research Group Comparisons of sarcopenia
defined by IWGS and EWGSOP criteria among older people: Results from the I-Lan longitudinal aging
study. J. Am. Med. Dir. Assoc. 2013, 14, 528.e1–528.e7. [CrossRef] [PubMed]
Rubbieri, G.; Mossello, E.; Di Bari, M. Techniques for the diagnosis of sarcopenia. Clin. Cases Miner.
Bone Metab. 2014, 11, 181–184. [CrossRef] [PubMed]
Chien, M.-Y.; Huang, T.-Y.; Wu, Y.-T. Prevalence of sarcopenia estimated using a bioelectrical impedance
analysis prediction equation in community-dwelling elderly people in Taiwan. J. Am. Geriatr. Soc. 2008, 56,
1710–1715. [CrossRef] [PubMed]
Cooper, C.; Fielding, R.; Visser, M.; van Loon, L.J.; Rolland, Y.; Orwoll, E.; Reid, K.; Boonen, S.; Dere, W.;
Epstein, S.; et al. Tools in the assessment of sarcopenia. Calcif. Tissue Int. 2013, 93, 201–210. [CrossRef]
[PubMed]
Soares, V.; Avelar, I.S.; Andrade, S.R.S.; Vieira, M.F.; Silva, M.S. Body composition of chronic renal patients:
Anthropometry and bioimpedance vector analysis. Rev. Lat. Am. Enferm. 2013, 21, 1240–1247. [CrossRef]
[PubMed]
Chertow, G.M.; Lowrie, E.G.; Wilmore, D.W.; Gonzalez, J.; Lew, N.L.; Ling, J.; Leboff, M.S.; Gottlieb, M.N.;
Huang, W.; Zebrowski, B. Nutritional assessment with bioelectrical impedance analysis in maintenance
hemodialysis patients. J. Am. Soc. Nephrol. JASN 1995, 6, 75–81. [PubMed]
Mialich, M.S.; Sicchieri, J.M.F.; Junior, A.A.J. Analysis of body composition: A critical review of the use of
bioelectrical impedance analysis. Int. J. Clin. Nutr. 2014, 2, 1–10. [CrossRef]
Abe, T.; Loenneke, J.P.; Young, K.C.; Thiebaud, R.S.; Nahar, V.K.; Hollaway, K.M.; Stover, C.D.; Ford, M.A.;
Bass, M.A.; Loftin, M. Validity of ultrasound prediction equations for total and regional muscularity in
middle-aged and older men and women. Ultrasound Med. Biol. 2015, 41, 557–564. [CrossRef] [PubMed]
Ismail, C.; Zabal, J.; Hernandez, H.J.; Woletz, P.; Manning, H.; Teixeira, C.; DiPietro, L.; Blackman, M.R.;
Harris-Love, M. Diagnostic ultrasound estimates of muscle mass and muscle quality discriminate between
women with and without sarcopenia. Front. Physiol. 2015, 6, 1–10. [CrossRef] [PubMed]
Bijlsma, A.Y.; Meskers, C.G.M.; van den Eshof, N.; Westendorp, R.G.; Sipilä, S.; Stenroth, L.; Sillanpää, E.;
McPhee, J.S.; Jones, D.A.; Narici, M.V.; et al. Diagnostic criteria for sarcopenia and physical performance.
Age 2014. [CrossRef] [PubMed]
Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.;
Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European consensus on definition and diagnosis: Report
of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [CrossRef]
[PubMed]
Bohannon, R.W. Bohannon Association of grip and knee extension strength with walking speed of older
women receiving home-care physical therapy. J. Frailty Aging 2015, 4, 181–183. [CrossRef] [PubMed]
Guralnik, J.M. Assessment of physical performance and disability in older persons. Muscle Nerve 1997, 5,
S14–S16. [CrossRef]

J. Funct. Morphol. Kinesiol. 2018, 3, 5

27.

28.

29.

30.
31.

32.

33.

34.

35.
36.

37.

38.

39.

40.
41.

8 of 8

Beaudart, C.; Biver, E.; Reginster, J.-Y.; Rizzoli, R.; Rolland, Y.; Bautmans, I.; Petermans, J.; Gillain, S.;
Buckinx, F.; Van Beveren, J.; et al. Development of a self-administrated quality of life questionnaire for
sarcopenia in elderly subjects: The SarQoL. Age Ageing 2015, 44, 960–966. [CrossRef] [PubMed]
Malmstrom, T.K.; Miller, D.K.; Simonsick, E.M.; Ferrucci, L.; Morley, J.E. SARC-F: A symptom score to
predict persons with sarcopenia at risk for poor functional outcomes: SARC-F. J. Cachexia Sarcopenia Muscle
2016, 7, 28–36. [CrossRef] [PubMed]
Baumgartner, R.N.; Koehler, K.M.; Gallagher, D.; Romero, L.; Heymsfield, S.B.; Ross, R.R.; Garry, P.J.;
Lindeman, R.D. Epidemiology of sarcopenia among the elderly in New Mexico. Am. J. Epidemiol. 1998, 147,
755–763. [CrossRef] [PubMed]
Burton, L.A.; Sumukadas, D. Optimal management of sarcopenia. Clin. Interv. Aging 2010, 5, 217–228.
[PubMed]
Denison, H.J.; Cooper, C.; Sayer, A.A.; Robinson, S.M. Prevention and optimal management of sarcopenia:
A review of combined exercise and nutrition interventions to improve muscle outcomes in older people.
Clin. Interv. Aging 2015, 10, 859–869. [CrossRef] [PubMed]
Fragala, M.S.; Dam, T.-T.L.; Barber, V.; Judge, J.O.; Studenski, S.A.; Cawthon, P.M.; McLean, R.R.; Harris, T.B.;
Ferrucci, L.; Guralnik, J.M.; et al. Strength and function response to clinical interventions of older women
categorized by weakness and low lean mass using classifications from the Foundation for the National
Institute of Health sarcopenia project. J. Gerontol. A Biol. Sci. Med. Sci. 2015, 70, 202–209. [CrossRef]
[PubMed]
Frontera, W.R.; Meredith, C.N.; O’Reilly, K.P.; Knuttgen, H.G.; Evans, W.J. Strength conditioning in older
men: Skeletal muscle hypertrophy and improved function. J. Appl. Physiol. 1988, 64, 1038–1044. [CrossRef]
[PubMed]
Scott, D.; Daly, R.M.; Sanders, K.M.; Ebeling, P.R. Fall and fracture risk in sarcopenia and dynapenia with
and without obesity: The role of lifestyle interventions. Curr. Osteoporos. Rep. 2015, 13, 235–244. [CrossRef]
[PubMed]
Heiwe, S.; Jacobson, S.H. Exercise training for adults with chronic kidney disease. In Cochrane Database of
Systematic Reviews; The Cochrane Collaboration, Ed.; John Wiley & Sons, Ltd.: Chichester, UK, 2011.
Watson, E.L.; Greening, N.J.; Viana, J.L.; Aulakh, J.; Bodicoat, D.H.; Barratt, J.; Feehally, J.; Smith, A.C.
Progressive resistance exercise training in CKD: A feasibility study. Am. J. Kidney Dis. 2015, 66, 249–257.
[CrossRef] [PubMed]
Thornton, J.S.; Frémont, P.; Khan, K.; Poirier, P.; Fowles, J.; Wells, G.D.; Frankovich, R.J. Physical activity
prescription: A critical opportunity to address a modifiable risk factor for the prevention and management
of chronic disease: A position statement by the Canadian Academy of Sport and Exercise Medicine. Br. J.
Sports Med. 2016. [CrossRef] [PubMed]
Ekelund, U.; Steene-Johannessen, J.; Brown, W.J.; Fagerland, M.W.; Owen, N.; Powell, K.E.; Bauman, A.;
Lee, I.-M. Does physical activity attenuate, or even eliminate, the detrimental association of sitting time with
mortality? A harmonised meta-analysis of data from more than 1 million men and women. Lancet 2016, 388,
1302–1310. [CrossRef]
Rolland, Y.; Czerwinski, S.; Abellan Van Kan, G.; Morley, J.E.; Cesari, M.; Onder, G.; Woo, J.; Baumgartner, R.;
Pillard, F.; Boirie, Y.; et al. Sarcopenia: Its assessment, etiology, pathogenesis, consequences and future
perspectives. J. Nutr. Health Aging 2008, 12, 433–450. [CrossRef] [PubMed]
American College of Sports Medicine. ACSM’s Guidelines for Exercise Testing and Prescription; Lippincott
Williams & Wilkins: Philadelphia, PA, USA, 2013; ISBN 978-1-4698-2666-0.
Johansen, K.L.; Painter, P. Exercise in Individuals with CKD. Am. J. Kidney Dis. 2012, 59, 126–134. [CrossRef]
[PubMed]
© 2018 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

